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abstract 

Although  bets-propiolactone  (BPL)  Is  an  effective  vapor- 
phase  decontaminant  for  enclosed  areas,  tome  problems  have  been 
encountered  in  ics  use.  Adequate  air  circulation  during  BPL 
dissemination  could  eliminate  moat  of  these  troubles.  It  is 
recommended  that  when  decontaminating  the  ordinary  biilding  or 
laboratory  the  spray  amount  of  BPL  be  changed  from  the  initially 
suggested  one  gailon  per  16,000  cubic  feet  of  space  to  one  gallon 
per  25,000  cubic  feet.  The  use  of  aqueous  BPL  solutions  and 
thermal-type  generators  is  not  recommended. 
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OBSERVATIONS  ON  BETA-PROPIOLACTONE  VAPOR  DECONTAMINATION 


Beti-proploUctone  (BPL)  has  been  shown  to  be  an  effective  va,  r-phase 
deccmtaninant  for  the  treatment  of  enclosed  areas,1-6  It  is  effective  cot 
only  against  bacterial  spores  and  vegetative  cells,  but  viruses  and  rickew 
tsiae  as  well.**7  It  has  been  widely  used  in  this  laboratory,  and  to  a 
lesser  extent  elsewhere,  since  it  was  first  reported  by  Hoffman  and  War- 
showsky  in  1958.  During  its  years  of  use,  various  observations  have  been 
made  conceding  problems  ertcou  ?red  in  its  practical  application:  these, 
we  feel,  are  worth  recording. 

The  main  purpose  of  this  paper  is  (i)  to  discuss  some  of  the  physical 
characteristics  of  the  chemical,  (ii)  to  point  out  their  reiutioasuip  * 

cue  y: _ .M.  -•  ,->»  *v,  nnr.  He  fff<)  to  indicate  means 

of  avoiding  the  problems,  and  (iv)  discuss  BPL  toxicity  and  weans  «£ 
detecting  trace  amounts. 

Liquid  BPL  Is  s  good  organic  solvent;  because  of  this,  proolems  are 
often  encountered  when  decontaminating  with  the  chemical.  The  main  one 
aeema  to  be  the  disaolutlon  of  paints,  lacquers,  snd  waxes  on  surfaces 
in  the  enclosure  treated;  other  problems  include  the  attack  on  some 
plastics  and  the  occasional  formation  of  a  tacky  residue  for  the  most 
part,  on  horizontal  surfaces.  These  problems  are  due  to  the  liquid  beta- 
proplolactone  or  an  aqueous  solution  of  it,  but  not  to  the  *  'por,  and 
,ua  can  be  eliminated  by  proper  dissemination  of  the  chemi  il.  The 
primary  considerations  in  BPL  decontamination  are  listed  ar  discussed 
below. 


A.  BPL  CONCENTRATION 

A  BPL  sir  concentration  of  1  to  1.5  mg  per  liter  is  sufficient  to  kill 
bacterial  spore*  within  minutes.1  To  obtain  this  amount  of  BPL  in  an 
enclosure,  however,  a  considerably  higher  concentration  must  be  dissemi¬ 
nated.*  Originally,  it  was  suggested  that  when  decontaminating  an  enclo¬ 
sure,  one  gallon  of  BPL  be  dispensed  for  erch  16,000  cubic  feet  f  space 
at  25  C.  Assuming  no  wall  adsorption  of  the  chemical  snd  100%  efficiency 
of  the  dispenser,  the  theoretical  air  concentration  would  be  i.6  mg  BPL 
per  liter  (Table  1).  However  the  vapor  pressure  of  BPL  at  25  C  is  only 

2.1  ma  Hg  (Table  2),  so  the  highest  obtainable  vapor  concentration  is 

6.1  mg  of  BPL  per  liter  of  space.  Thus  it  is  evident  that  at  .Jala  tempera* 
ture,  If  one  gallon  of  BPL  Is  sprayed  per  16,000  cubic  feet  of  apace,  the 
amount  will  be  above  air  saturation  concentration  and  six  or  seven  times 
the  actual  concentration  required  to  kill  spores. 


iim 


4 


TABLE  1.  THEORETICAL  AIR  CONCENTRATION 
AFTER  SPRAYING  ONE  GALLON  BPL 
INTO  VARIOUS  VOLUMES 


Volume, 
cu  ft 

Concentration, 

ag/liter 

12,000 

12.’8 

16,000 

9.6 

20,000 

7.67 

25,000 

6.38 

30,000 

5.11 

TABLE  2.  VAPOR  PRESSURE  AND  MAXIMUM  CONCENTRATION 
OF  BPL  IN  AIR  AT  VARIOUS  TEMPERATURES 


Temperature, 

C 

Vapor  Pressure, 
mm  of  Hg 

Concentration  in  Air,SL^ 
mg/liter 

-10 

0.12 

0.5 

-  5 

0.22 

0.9 

0 

0.34 

1.4 

5 

0.50 

2.0 

10 

0.74 

3.0 

15 

1.05 

4.2 

20 

1.49 

5.9 

25 

2.10 

8.1 

30 

2.90 

11.1 

35 

4.05 

15.2 

a.  Calculated  fro®  formula  TV  *  nRT. 
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If  excess  BPL  Is  sprayed  into  an  area  or  the  cispenser  emit*  large 
droplets,  the  lactone  can  literally  “rain  out"  on  surfaces,  ieaving  a 
liquid  coating.  Since  the  surrounding  air  is  close  to  saturation,  the 
e”*poration  rate  will  at  best  be  extrbaeiy  low;  liquid  will  have  more 
time  to  react  with  and  dissolve  surfaces  such  as  paints  and  plastics,  or 
to  polymer ire  and  leave  a  tacky  residue.  In  an  unsaturated  atmosphere 
we  tuund  the  tale  of  evaporation  from  a  surface  to  be  about  1,6%  par 
minute  at  25  C  or,  expressed  another  W’y,  the  half-life  was  43  minutes. 

It  should  be  emphasized  that  it  is  only  the  liquid  BPL  that  deleteriously 
i 'fects  paints  and  plastics,  or  leaves  a  tacky  residue.  The  vapor  has 
not  been  shown  to  oe  de<.eterioua  to  normally  encountered  materials  when 
used  at  recommended  concentrations  and  exposure  rimes, 

When  partially  polymerized  BPL  (less  than  about  93%  purity)  is  sprayed, 
i  noticeable  residue  is  occasionally  produced  that  is  difficult  to  remove 
trom  surfaces.  This  prob^m  is  not  encountered  when  BPL  of  higher  purity 
is  employed.  If  BPL  is  to  be  kept  for  a  tim®  before  use  it  should  be 
stored  at  refrigcr*M «n  temperature  to  retard  the  formation  of  polymers. 

Recent  tests  at  this  laborator>  demonstrate  that  a  smaller  amount  of 
BPL  c»a  ba  snrayed,  i.e.,  one  gallon  per  25,000  cubic  feet  of  space,  a-d 
yet  provide  adequate  decontamination.  This  yields  a  theoretical  air  c  - 
centratlon  of  6.4  mg  per  liter  of  air,  several  milligrams  below  satin  ion 
level  at  25  C,  yet  it  is  still  four  or  five  times  more  BPL  than  is  required 
to  sterilize.  There  are  several  reasons  why  it  is  necessary  to  disseminate 
more  BPL  than  that  required  to  decontaminate.  A  primary  one  is  that  some 
BPL  “ill  adsorb  on  walls,  floors,  and  other  surfaces.  Sprayer  Inefficiency, 
with  inadequate  air  circulation  and  building  leakage,  can  also  be  factors, 
although  these  can  be  circumvented  as  discussed  later. 


B.  TEMPERATURE 

Tempers  are.  of  course,  is  «  major  factor  in  controlling  the  amount  of 
BPL  the  air  will  hold.  Table  1  lists  the  vapor  pressures  of  BPL  at  various 
temperatures  and  the  corresponding  maximum  nPL  air  concentrat  r.on.  It  is 
eviient  that  as  the  temperature  is  decreased  the  maximum  BPl  air  concentra¬ 
tion  decreases  rapidly.  Therefore,  if  BPL  is  used  to  decontaminate  an 
enclosure  et  lew  temperatures  the  amount  sprayed  end  the  spray  rate  should 
be  decreased  to  prevent  possible  over*a*utatioh.  Furthermore,  for  each 
10  C  drop  in  temperature  the  chemical  requires  two  to  three  time*  longer 
to  kill  the  same  maker  of  organisms.  Th*s  factor,  too,  should  be  con¬ 
sidered.  Thus  ft  is  -ecommended  that  for  Lew-temperature  decontamination 
of  enclosures,  less  BeL  be  disseminated  and  a  longer  exposure  time  be 
allowed.  On  the  other  hand.  It  is  possible  to  decrease  the  exposure  time 
by  raising  the  ambient  temperature  of  the  enclosure.  Of  even  more  Impor¬ 
tance  is  the  fact  that  at  the  higher  temperature  BPL  evaporate*  more  rapidly 
and  there  is  less  chance  for  liquid  deposition  during  dissemination. 
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C.  RELATIVE  P’TilDITY 

The  importance  of  having  a  relative  humidity  of  7G"  or  higher  when 
decontaminating  with  BPL  vapor  was  clearly  demonstrated  by  Hoffman  and 
Uarshowsky,1  Often  the  humidity  of  a  structure  to  be  decontaminated  is 
below  the  707,  minimum,  and  water  must  be  sprayed  to  ob-.oin  the  required 
level.  Raising  the  RH  is  best  done  by  injecting  steam  from  an  open  auto¬ 
clave  or  .^team-line  outlet,  spraying  water  from  a  nebulizer  or  using  a 
vaporiser.  Air  should  be  circulated  during  this  procedure.  Just  wetting 
the  surface  with  water  from  a  hose  haa  been  found  unsatisfactory  for  rais¬ 
ing  tha  RH  of  an  enclosure  to  the  needed  707..  When  humidifying,  care 
should  be  taken  not  to  over-humidtfy  the  enclosure.  It  has  been  observed 
that  water  droplets  hanging  from  a  painted  celling  have  absorbed  sufficient 
BPL  during  decontamination  to  have  a  solvent  action  on  the  paint  under  tha 
droplets.  Once  the  humidity  is  raised  in  an  enclosure  it  is  best  to  con¬ 
tinue  adding  water  vapor  slowly  during  the  decontamination  period.  Thia 
can  he  done  by  cracking  a  ate&m  valve  or  using  one  or  more  small  vaporizers. 

Hydrolysis  of  BPL  vapor,  even  in  the  presence  of  a  very  high  relative 
humidity,  is  not  ot  zzz:~T"  Teste  in  thia  laboratory  have  revealed 

that  the  rate  of  hydrolysis  of  BPL  In  air  at  1007.  RH  la  *.duul  uue-naif 
that  in  water.  Specifically,  BPL  at  25  C  in  water  has  a  half-life  of  3.5 
hours  end  in  air  at  100%  RH  the  half-life  is  about  7  hours.  At  lower  RH 
the  hydrolysis  rate  would  be  even  leas.  It  Is  thus  obvious  that  an 
aure  cannot  be  rid  of  BPL  in  les”  than  a  day  merely  by  raising  and  main¬ 
taining  a  high  RH. 


1).  AQUEOUS  BPL  SOLUTIONS 

An  aqueous  solution  of  BPL  is  often  sprayed  to  raise  the  relative 
humidity  and  disseminate  the  BPL  in  one  operation.  It  seems  that  once 
such  a  practice  ia  started,  it  becomes  routine  thereafter  to  spray  an 
aqueous  P7!.  solution  regardless  of  the  relative  humidity.  At  times  during 
the  summer  the  ambient  relative  humidity  ia  high  and  under  these  circum¬ 
stances  the  air  can  hold  very  little  more  moisture.  If  water  is  sprayed 
along  with  the  BPL  the  air  becomes  overaaturated  and  fallout  results. 

When  thiB  occur#  some  BPL  will  be  carried  out  with  the  water,  producing 
a  deleter toue  BPL  aolution  on  surfaces. 

Spraying  BPL  with  water  further  complicates  the  problems  of  decontami¬ 
nation  because  the  droplets  that  are  dlttJminared  by  a  generator  will  be  a 
mixture  of  water  and  BPL.  The  vapor  pressure  «>f  water  is  higher  and  it 
will  evaporate  flrat.  The  evaporation  of  tho  water  droplets  will  have  a 
cooling  effect,  so  that  more  time  will  be  required  for  the  pwr.  *-o  vaporise. 
This  Increases  the  chance#  for  liquid  particles  to  fall  out  and  collect 
on  a  surface. 


Because  of  these  factors  it  fs  strongly  recommended  that  aqueous  BPL 
solutions  not  be  employed  in  enclosure  decontamination.  If  it  is  necessary 
to  raise  the  humidity,  th«=  water  should  be  sprayed  separately, 

E.  AIR  CIRCULATION 

A  major  factor  in  BPL  decontamination  is  adequate  air  circulation  by 
fans  or  building  recirculating  systems  during  dissemination  of  the  chemical. 
Because  the  vspor  pressure  of  BPL  ii  so  low,  air  in  the  vicinity  of  the 
spray  will  be  rapidly  saturated  unless  constantly  diluted  with  fresh  air. 
Ideally,  the  dispenser  should  deliver  only  v. tor;  however,  if  UBed  properly 
a  nebulizer  that  disseminates  small  liquid  dro  lets  is  also  satisfactory. 

If  the  vapor-type  dispenser  is  used,  the  air  be  circulated  . onatantly 
to  prevent  over  saturation  leading  to  condensation  and  fallout  of  liq-'id. 

If  the  nebulizer-type  dispenser  is  used,  the  air  must  be  circulated  more 
rapidly  to  prevent  particle  fallout  and  to  permit  sufficient  tiue  for 
evaporation.  The  BPL  output  rate  of  any  type  of  dispenser  must  not  be 
gtn>.«  iiim  me  amount  tne  recirculated  air  can  hold.  Actually,  there 
must  be  a  greater  air  circulation  rate  than  epiay  rate  because  the  recir¬ 
culated  air  will  be  capable  of  holding  less  and  less  BPL  as  It  becomes 
more  concentrated  during  dlasemination  and  recirculation.  For  this 
reason  it  la  iwomended  that  BPL  be  disseminated  into  an  enclosure 
slowly  over  a  longer  period  of  time. 

By  calculation,  if  the  dispenser  output  is  100  ml  of  BPL  per  minute, 

500  cubic  feet  of  air  per  minute  are  required  to  take  up  the  BPL  vapor 
without  over saturation  at  25  C  (Table  3).  The  same  amount  of  8PL  would 
require  690  cubic  feet  of  air  per  minute  to  prevent  oversaturation  at 
20  C,  Since  the  air  will  gain  more  and  mere  BPL  vapor  as  it  is  recircu¬ 
lated  during  the  dissemination  period,  the  ir  circulation  rate  must  be 
greater  than  50'^  cfm  at  25  C  or  690  cfm  at  20  C.  As  a  rule  of  thumb,  it 
is  suggested  that  the  amount  of  air  circulated  be  twice  the  volume 
required  to  hold  the  amount  sprayed.  Thus,  in  the  example  cited  above, 
at  25  C  the  air  circulation  rata  chauld  be  about  1000  cfm.  If  *he 
sprayer  delivers  200  ml  BPL  per  minute,  the  circulation  -ate  should 
be  2000  cm,  etc. 

In  decontaminating  largo  areaa,  the  air  should  be  recirculated  through¬ 
out  the  structure,  especially  during  BPL  dissemination,  TUI*  is  net  always 
possible  without  a  built-in  recirculation  system,  although  in  some  struc¬ 
ture*  the  air  could  b#  recirculated  fey  a  system  of  fans.  If  the  structure 
lacks  s  recirculating  system  and  has  many  small  rooms,  a  number  of  small 
dispenser#  should  be  set  up  throughout  and  fans  employed  to  assure  adequate 
distribution. 


TABLE  3.  MINIMUM  AMOUNT  OF  AIR  AT  DIFFERENT  TEMPERATi^.E? 
REQUIRED  FOP  COMPLETE  VAP OS TRAIL ON 

of  0.0264  Gallon  (iog  «.i)  seta -propiolact'»"> 


Temperature,  C 

A Lt.  c u.  it 

10 

1350 

15 

9?0 

20 

690 

25 

500 

30 

367 

35 

266 

F.  GENERATORS 

Spiner  and  Hoffman3  initially  stated  that  almost  any  commercial  insecti¬ 
cide  sprayer  could  be  uaed  to  disseminate  BPL  if  the  chemical  did  not  "rain 
out"  or  thermally  decompose.  A  second  look  at  the  type  of  dispenser  that 
is  desirable  is  ia  order.  As  stated  above,  a  generator  that  delivers  BPL 
vapor  only  is  most  desirable.  It  is  not  advisable  to  use  ordinary  thermal- 
type  generators  because  of  their  h.  Ml  operating  temperature.  BPL  decomposes 
to  some  extent  even  at  its  coiling  i  lir.t  (162  C).  Thermal -type  generators 
operate  at  considerably  higher  tempej  rtures  than  tha  boiling  point  of  BPL, 
so  some  decomposition  will  occur;  the  amount  will  depend  on  the  temperature 
and  exposure  rime. 

An  even  worse  situation  develops  when  an  aqueous  solution  of  B’U  Is 
sprayed  by  a  thermal  generator  because  EPL  hydrolyree  rapidly  at  high 
temperatures.  For  example,  the  half-life  oi  BPL  in  water  at  ?,5  C  Is  3’j 
hours;  at  75  C  it  is  only  5  minutes,  No  data  are  available  on  the  hy-.ii.-vi.al 
rate  at  200  to  300  C,  the  Lower  temperature  at  which  a  thermal  general  .w 
operates;  however,  it  is  obvious  that  the  hydrolysis  rotes  will  he  extremely 
high  under  these  circumstances.  For  this  reason  aqueous  J»T'L  should  sn-v-r 
be  sprayed  with  a  thermal-type  generator. 

Little  consideration  has  been  given  to  the  flash  point  of  the.  chemical 
when  using  a  thermal-type  generator  fc-r  BPL-  By  the  open-cup  method  FPL 
has  a  flash  p-lrt  of  74  c.  To  the  authors'  knowledge,  to  fires  have 
resulted  from  spraying  3FL  with  a  thermal  generator,  but  this  my  have 
only  been  fortuitous. 


In  summar  y  the  thermal-type  generator  cannot  be  recommended  as  £  BPL 
disseminator,  the  nebulizer -type  disposer  seems  to  be  the  moat  satisfactory 
for  the  pi’i-yjae  as  long  as  the  particle  size  Is  small,  and  the  air  ia  circu¬ 
lated  at  ,v  sufficient  rate  to  prevent  -versaturation,  condensation,  and 

fallout. 


G,  P0T.  TOXICITY  A N3  DETECTION 

The  carcinogenic  activity  of  BPL  has  been  reported  by  Walpole  et  al,,8 
Roe  -nd  Glendennir.g,9  Palmes  et  ai.,i0  and  RariSun  and  Weed.11  Thes. 
investigators  showed  that  frequent  subcutaneous  or  topical  applications 
of  di’rts  BPL  produced  tumors  in  rats  and  mice.  According  to  Karison  and 
■’sec,  h-jKever,  BPL  appears  to  be  a  weak  carcin  ^en.  Because  it  is  a 
cat  'irogen,  opiner  and  iloffosn2  recommended  tnat  repeated  exp;  3ure  to 
c-.-en  subivritating  doses  be  avoided.  That  same  publication  stated  that 
taa  lowest  c. ncentration  of  BPL  detectable  by  smell  is  about  0,05  mg  per 
liter  of  air.  No  observable  hat:  has  tome  to  any  of  our  personnel 
accidentally  exposed  for  a  shore  time  to  doses  sufficiently  high  to 
cause  respiratory  irritation  and  lachrynation.  It  ia  suggested,  on  thia 
basis,  that  if  unmasked  personnel  car  enter  an  aerated  area  after  using 
BPL,  and  no  discomfort  is  experienced,  the  area  is  uo  longer  tcuic.  Ir 
order  .hat  it  not  be  necessary  to  rely  upon  human  olfactory  sensitd/ify, 
a  Chemical  Corps  gaa  detection  tub*  was  found  satisfactory  fot  detecting 
tivee  a-w>.,nt3  of  BPL.S  Tests  in  this  laboratory  shew  this  tube  to  be 
very  se.-i.itiv>;  'n  fact,  it  is  capable  of  detecting  as  little  as  0.004  mg 
->{  c-.e  lsctone.  Thus,  i;  a  one-liter  air  sample  is  taken,  it  ir  possible 
to  de:fcct  a  hFL  cor.cantretion  a.  flow  as  0,004  mg  per  liter;  in  a  250-cc 
sample  the  l<w  st  delectable  concentration  is  0.016  mg  oei  liter.  We 
feel  that  it  no  blue  color  -ppeara  (with  the  addition  of  "odium  h; droside) 
in  the  tube  alter  Wing  a  . ne-litt-  sample  in  an  aerated  roer  following 
BPL  decontamination,  ?:  is  taie  for  persunnel  to  re-enter,  unmasked.  We 
calculate  that  .en  ah  changes,  -ented  to  the  outside,  will  remove  the 
BPL  from  a  structure.  A  >>crd  oi  caution  Is  necessary  hewever;  BPL  does 
adsorb  on  -urfaces  from  The  vapor  in  air,  *.id  it  nay  require  a  relatively 
long  time,  to  desorb.  For  this  raaaon  au  area  aerited  by  forced  ventila- 
tion  could  uhow  no  detectable  bPl  cy  the  tube  method,  but  if  the  c oration 
ii  .iscoWout  i  and  the  a.sa  Is  closed  up,  an  irritating  concentration  of 
,"t  migi"  build  up  because  of  desorption  from  sufiacea.  To  avoid  tftla 
"ttustlon,  serai  'or.,  even  reduced  il  necessary,  should  be  continued  for 
*  short  period  after  r?  occupying  the  er.cloau.e, 

r>  rmciusioi  t  is  apparent  that  adequate  air  circulation  can  be  the 
i  t  (or  factor  in  cU  linsting  iccy  of  th.  troubles  encountered  la  BPL  enclo¬ 
sure  decontamination.  It  is  recommended  that,  ynefc  decontaminating  the 
ordinary  building  t  labur»t*r>,  the  spray  amount  oi  BPL  ba  changed  from 
the  inirt  ijl/  suggested  on J  gallon  per  16,000  cubic  feet  of  space  to  one 
gai'.-m  p-r  25,000  coble  feet  of  gyve.  The  use  of  aqueous  BPL  solutions 
and  "hercssi-tyy  g*;'efstors  is  not  recoomenaad. 
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Although  beta-proplolactone  (BPL)  la  an  effective  vapor -phase  dccontaolnant 
for  enclosed  areas,  aome  problems  have  been  encountered  in  It*  uae.  Adequate 
air  circulation  during  BPL  dissemination  could  eliminate  most  of  these  troubles. 
It  Is  recoonendeJ  that  whan  decontaminating  the  ordinary  building  or  laboratory 
th*  »pray  amount  of  BPL  be  changed  from  the  initially  suggested  one  gallon  per 
16,000  cubic  feat  of  apace  to  one  gallon  per  25,000  cubic  feet.  The  use  of 
aqueous  BPL  solutions  ai.d  thermal-type  generators  Is  ndt  recommended. 
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